(Submitted for publication August 8, 1957 ; accepted October 14, 1957) In microbiological systems, folic acid and vitamin B12 appear to be important in the synthesis of purines and pyrimidines, in the synthesis of methyl groups, and possibly in the synthesis of deoxyribose (1-3). Studies at the clinical level, summarized by Mueller and Will (4) , indicate that similar biochemical processes may be involved in patients with pernicious anemia (P. A.). Because such studies on patients are difficult to carry out and interpret, precise methods of in vitro assessment of the biochemical activity of P. A. marrow cells are needed.
Direct studies on P. A. marrow have been confined, for the most part, to observations of morphologic changes and cell counts in tissue culture (5) (6) (7) (8) (9) (10) (11) (12) . In attempting to avoid the difficulties inherent in evaluating these changes in tissue culture and in an effort to secure more direct biochemical information, P. A. marrow has been studied in our laboratory by the following techniques: 1) oxygen consumption, 2) heme synthesis as measured by the rate of incorporation of C14-glycine into heme, and 3) deoxyribonucleic acid (DNA) synthesis by measurement of the rate of incorporation of C14-formate into thymine.
With these techniques, which permit measurements of biochemical activity over short periods of time and with small amounts of bone marrow, we (13, 14) . In measuring heme synthesis, the concentration of glycine-2-C' was 1.4 AM per ml. of medium, and the specific activity was 0.2 mc. per mM.
In measuring DNA synthesis, the concentration of C14-formate was 0.5 /AM per ml. of medium, and the specific activity was 2.0 mc. per mM. At the end of the period of incubation, aliquots of carrier rabbit bone marrow were added to the incubation vessels to facilitate the subsequent isolation of thymine. In any one experiment, therefore, the absolute value of the specific activity of the isolated thymine is a function of the amount of carrier added. Crystalline vitamin B12, folic acid and folinic acid were obtained through the courtesy of Lederle laboratories. normal serum, as indicated by the large standard deviation. In comparing the effect of P. A. serum with and without added vitamin B1,, we used aliquots of the same serum in each of the experiments, with the result that the standard deviation is much smaller. It is apparent that, within the limits of the technique, there is no effect of either normal serum or vitamin B12 on these two processes. Figure 1 illustrates the effect of vitamin B12 on DNA synthesis by P. A. marrow cells in P. A. serum. The results illustrated in this figure show that vitamin B12 does have a direct and consistent effect at the cellular level. The amount of vitamin B12 used in these experiments is considerably above the normal range of 100 to 900 upg. per ml. (15) . The data in Table II show that 0.001,ug.
RESULTS
per ml. also produces an optimal effect. In three experiments the addition of vitamin B12 to normal serum produced no significant increase in the rate of DNA synthesis by P. A. marrow. Figure 2 illustrates the effect of folic acid on DNA synthesis by P. A. marrow cells in P. A. serum. In three experiments there was no effect, in one there was a moderate stimulation, and in one there was marked stimulation. In one other experiment, the addition of folic acid to P. A. marrow in normal serum also produced a marked increase in DNA synthesis. It appears, therefore, that P. A. marrow cells differ considerably in their response to folic acid. In three experiments, no difference between the effect of folic acid and of folinic acid was observed. Table III illustrates two experiments that have been done to test the effect of vitamin B12 and folic acid singly and in combination. In Experiment A the marrow was stimulated markedly by folic acid, whereas in Experiment B the folic acid had a barely detectable effect. The effect of the combination of vitamin B12 with folic acid was roughly the sum of the individual effects alone. One interpretation of these limited data is that the two substances are not related in their mode of action.
The experiments illustrated in Figures 3A, 3B and 3C were designed to determine whether or not there is an inhibitor of DNA synthesis in P. A. serum. Figure 3A compares the effect of dilution of P. A. serum and normal serum on DNA synthesis by normal marrow, and Figure 3B illustrates a similar experiment using P. A. marrow. DNA synthesis by P. A. marrow and normal marrow in various mixtures of P. A. serum and normal serum is illustrated in Figure 3C . It is apparent that none of these experiments shows any evidence of an inhibitor of DNA synthesis in P. A. serum.
Studies of DNA synthesis over a 48 hour period are illustrated in Figure 4 . Using the vac- (7) and Thompson (10) observed that folic acid, but not vitamin B12, had a maturing effect on megaloblasts. These observa- tions led to the speculation that vitamin B12 might combine with an intrinsic factor or be altered in some way to form a hematopoietic factor in serum (10 (Figure 4 ). Lajtha observed a rapid loss of proliferative power of marrow cells in suspension cultures in vitro (8) . Swan, Reisner, and Silverman have also commented on the progressive decrease in the number of "mitotable" cells in suspension cultures (12) .
Since vitamin B12 appears to act primarily on DNA synthesis and associated cell proliferation, the rapid loss of these processes in suspension culture makes the interpretation of 48 and 72 hour cultures an unreliable method of studying the action of vitamin B12.
Lajtha (7), Thompson (9) , and Bussi, Eridani, Pozza, Fava, and DeMicheli (11) presented data indicating that P. A. serum possesses the property of inhibiting morphological maturation of both P. A. marrow cells and normal marrow cells. Our technique, however, indicates that P. A. serum does not contain an inhibitor of DNA synthesis. The assessment of maturation by morphologic means is dependent primarily on nuclear changes which may not necessarily be associated with the formation of new DNA. Our results do not permit the exclusion of an inhibitor of morphologic maturation in P. A. serum. However, the above-mentioned limitations of the vaccine vial culture technique cast doubt on the existence of a true inhibitor.
One surprising result has been the marked variation in the response of the marrow to added folic acid. In those P. A. marrow cells responding to folic acid, the magnitude of the effect has been much greater than that of vitamin B12. Nieweg 
